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Multi-physics/multi-scale Modeling of Platinum Effect On Durability Of  
Aluminide Coatings 
ABSTRACT 
The beneficial effect of Platinum (Pt) on durability of aluminide
coatings was studied using a coupled of first-principles density
functional theory (DFT), thermal physical analysis, atom diffusion
and mechanics-based models. (1) It was found that adding Pt to β-
NiAl coating reduces the interfacial tensile stress of β-NiAl/α-Al2O3,
thus contributing to improvement of coating durability. This
beneficial effect of Pt is more pronounced with a thicker Al2O3 scale
and a larger ratio of the interfacial wave amplitude to its
wavelength. (2) Adding Pt to β-NiAl significantly reduces the
diffusivity of Sulfur (S), thus helps supress or mitigate the
detrimental segregation of S to the NiAl/Al2O3 interface. Pt atoms
repel S atoms across the interface, thus stop and/or slow S
diffusion towards to the interface. (3) Adding Pt increases the
critical radius Rc of asperity and the critical Al2O3 scale thickness hc
above which asperity cracking occurs.
1. Sulphur Diffusivity in β-NiAl and Effect of Pt
additive: An ab inito DFT Study
Diffusivities of detrimental impurity Sulphur (S) in stoichiometric
and Pt doped β-NiAl were evaluated using VASP DFT and Alloy
Theoretic Automated Toolkit (ATAT) package calculations. The
apparent activation energy and the pre-exponential factor of
diffusivity via the next nearest neighbour (NNN) and interstitial
jumps were evaluated to identify possible preferred diffusion
mechanism(s). By calculating the electron localization function
(ELF), the bonding characteristics of S with its surrounding atoms
were assessed for the diffusion process. By comparison with the
experimental results, the S diffusion through the NNN vacancy-
mediated mechanism is found to be favoured. Addition of Pt in β-
NiAl was found to significantly reduce the S diffusivity, and an
associated electronic effect was explored, Figures 1 and 2.
3. Effects of Platinum and Reactive Elements on 
Cracking Behavior of β-NiAl/α-Al2O3 Interface 
The effect of Pt addition on cracking behavior at asperity on the β-
NiAl/α-Al2O3 interface (Figure 8) was investigated using a
combination of physics-based stress model and DFT along with the
measured temperature-dependent elastic modulus [6] and the
calculated thermal expansion coefficients. (1) Effect of Pt addition on
critical thickness of Al2O3 scale was examined in a parametric study
above which asperity cracking occurs along the NiAl/Al2O3 interface.
Addition of Pt increases this critical thickness due to the reduced
CTE in β-NiAl. (2) Doping reactive elements (REs) can also increase
this critical scale thickness due to the increased interfacial fracture
energy via strong chemical bonding. (3) For brittle cracking at
asperity, addition of Pt increases its critical radius RC on the
NiAl/Al2O3 interface, above which asperity cracking occurs, Figures
9-10.
For the undulated β-NiAl/α-Al2O3 interface, Figure 4, addition of Pt
can also increase the critical scale thickness hc, above which the
delamination cracking along the interface occurs due to the reduced
CTE difference between the oxide scale and the β-NiAl. This
beneficial effect can be also achieved via REs doping at the interface
due to the enhanced interfacial fracture energies.
4. The Physics Behind Pt Effect On Durability of 
Aluminide Coatings
Figure 2. Figure title
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2. The Effect of Platinum on β-NiAl/α-Al2O3
Interfacial Tensile Stress: A Combined ab initio
DFT and Mechanics-based Model Study
The effect of Pt in β-NiAl coating on β-NiAl/α-Al2O3 interfacial
tensile stress was investigated by combining ab initio DFT, phonon
dispersion theory and mechanics-based modeling. It was found
that the addition of 6.25 at % Pt in β-NiAl reduces its coefficient of
thermal expansion (CTE, Figure 3) and consequently narrows the
CTE mismatch between the coating and the α-Al2O3 scale formed
on the coating during thermal exposure. The reduced CTE
mismatch in turn lowers the coating/oxide scale interfacial tensile
stress, which is the driving force for scale spallation through
interfacial crack nucleation and propagation during thermal cycling.
This beneficial effect of Pt is independent of oxide scale thickness
and the coating/oxide scale interface roughness, Figures 4-7.
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Figure1 : Migration energy Emig 
calculated by nudged elastic band 
(NEB) for NNN S diffusion and the 
effect of Pt on Emig. 
Figure 2 : Diffusion coefficient of S in β-
NiAl of both calculated and experimental 
results with and without Pt addition. 
Figure 3: (a) The calculated (this study) and experimentally measured [49]
coefficients of thermal expansion of Pt. (b) The calculated of this study and
experimentally measured [23, 51] coefficients of thermal expansion of β-NiAl, β-
(Ni,Pt)Al and Al2O3.
Figure 4: Schematic of an undulated 
β-NiAl coating/Al2O3 scale interface.
Figure 5:The calculated interfacial tensile
stresses of β-NiAl and NiAl-6.25 at% Pt
coatings versus oxide scale thickness.
Figure 6: The calculated interfacial tensile stresses of β-NiAl and β-NiAl-6.25
at% Pt coatings as a function of wave amplitude A and wavelength λ for a given
oxide scale thickness of h = 6 µm.
Figure 7: The color contour of the calculated interfacial tensile stress as a
function of wave amplitude A and wavelength λ for β-NiAl at a given oxide scale
thickness of h = 6µm.
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Diffusivity D is calculated in terms of the Arrhenius law [1]:
The interface tensile stresses are described and calculated as [2, 3, 4 ]: 
Figure 8: Atomic geometry of the clean interface. The red, blue and black atoms 
represent Ni, O and Al, respectively. Yellow and Green atoms show the preferred 
locations of reactive elements and sulphur distributed at the interface.
Figure 11: The initial and  transition state of ELF plots for S NNN diffusion in 
NiAl and in Ni(Pt)Al.
To study possible electronic related mechanisms that may govern the Pt
effect, the electron localization function (ELF) is evaluated for S
distributed in β-NiAl and Pt doped β-NiAl as well. The ELF amplifies the
bonding features, and allows one to analyze the electron distribution on
an absolute scale, ELF is defined as [1]:
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Critical amplitude Rc and TGO thickness hc for cracking at asperity are 
[2] : 
The interface fracture energy Gic : 
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It is the repulsive interaction between Pt and S that stops and/or slows S 
diffusion towards the β-NiAl/α-Al2O3 interface. This mechanism is consistent 
with experimental observations [7,8]. 
Figure 9: Effect of Pt on critical amplitude
Rc of cracking at asperity versus R/a. 
Figure 10 : Effect of Pt on critical TGO 
thickness of cracking at asperity versus 
doped elements.
